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We use transport, inelastic neutron scattering, and angle resolved photoemission experiments to
demonstrate that the stoichiometric LiFeAs is an intrinsically electron-overdoped superconductor
similar to those of the electron-overdoped NaFe1−xTxAs and BaFe2−xTxAs2 (T = Co,Ni). Further-
more, we show that although transport properties of the stoichiometric superconducting LiFeAs and
Li-deficient nonsuperconducting Li1−xFeAs are different, their electronic and magnetic properties
are rather similar. Therefore, the nonsuperconducting Li1−xFeAs is also in the electron overdoped
regime, where small Li deficiencies near the FeAs octahedra can dramatically suppress supercon-
ductivity through the impurity scattering effect.
PACS numbers: 74.25.Ha, 74.70.-b, 78.70.Nx
Superconductivity in iron pnictides occurs near an an-
tiferromagnetic (AF) instability [1, 2]. When the AF or-
der in a nonsuperconducting (NSC) parent compound is
suppressed by electron or hole doping, superconductivity
emerges with the persistent short-range spin excitations
directly coupled to the superconducting (SC) transition
temperature Tc [3, 4]. While this general behavior is
obeyed in most iron pnictide superconductors and sug-
gests the importance of magnetism to the superconduc-
tivity of these materials [3, 4], the only exception is the
stoichiometric LiFeAs (Fig. 1a), which does not have a
static AF ordered parent compound and superconducts
with a relatively high Tc of ∼17 K without any doping
[5–9]. Furthermore, a few percent of Li deficiencies in
Li1−xFeAs can increase the resistivity and destroy super-
conductivity (Figs. 1b and 1c) [5]. Indeed, the absence of
the AF order in LiFeAs is caused by the poor nesting con-
dition between the shallow hole-like Fermi pocket near
the Γ(0, 0) point and the large electron Fermi surface at
the M(1, 0)/(0, 1) points in the Brillouin zone (Fig. 1d)
[10]. These observations have fueled the suggestion that
the mechanism of superconductivity in LiFeAs is due to
ferromagnetic instability and p-wave triplet pairing [10–
12]. This is fundamentally different from all other iron
pnictides, where the singlet electron pairing superconduc-
tivity and AF order are both believed to be associated
with the sign reversed quasiparticle excitations between
the hole and electron Fermi surfaces near the Γ(0, 0) and
M(1, 0)/(0, 1) points [13–16].
Here we describe transport, inelastic neutron scat-
tering, and angle resolved photoemission (ARPES) ex-
periments on the stoichiometric SC LiFeAs and Li-
deficient NSC Li1−xFeAs. We find that a few percent Li-
deficiencies in Li1−xFeAs can completely suppress super-
conductivity and change transport properties but with-
out much affecting the sizes of the Fermi surfaces [17] and
incommensurate spin excitations in the SC LiFeAs [18].
By comparing our results with previous work on the SC
LiFeAs [17–19], NaFe1−xCoxAs [20–22], BaFe2−xTxAs2
(T = Co, Ni) [23–25], and LaFe1−yZnyAsO1−xFx [26],
we conclude that the stoichiometric LiFeAs is an intrin-
sically electron-overdoped superconductor, and that Li
deficiencies affect its SC properties similar to the Zn im-
purity effects in the electron-overdoped iron pnictide su-
perconductors [26]. Therefore, the mechanism of super-
conductivity in LiFeAs is associated with AF spin ex-
citations and not fundamentally different from all other
iron-based superconductors [13–16].
Our transport measurements on the SC and NSC
Li1−xFeAs were carried out on a commercial physical
properties measurement system using the four probe
method. The inelastic neutron scattering experiments
were performed on the ARCS time-of-flight chopper spec-
trometer at the spallation neutron source, Oak Ridge Na-
tional laboratory [27]. The ARPES experiments were
performed at the PGM beamline of the Synchrotron Ra-
diation Center, Stoughton, Wisconson. The energy and
angular resolutions of the ARPES measurements were set
at ±20 meV and 0.2◦, respectively. The samples were
cleaved in situ and measured at 20 K in a vacuum better
than 4 × 10−11 Torr. The incident photon energy was
chosen to be hν = 35 eV. Our single crystals of the SC
LiFeAs were grown using the self flux method with the
7Li isotope to minimize the neutron absorption effect.
The method for growing the NSC Li1−xFeAs with nat-
ural Li were described previously [27]. The inductively
coupled plasma analysis on the samples showed that the
compositions of the NSC crystals are Li0.94±0.01FeAs [27].
To within the errors of our measurements, the SC LiFeAs
was found to be stoichiometric. Figure 1b shows temper-
ature dependence of the resistivity for the SC and NSC
Li1−xFeAs. Figure 1c plots the expanded view of the
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2FIG. 1: (color online). (a) Phase diagram of the electron
doped NaFe1−xCoxAs from Ref. [21]. The inset shows the
structure of Na(Li)FeAs and the differences in the angles of
the two alkali arsenic planes based on the structural param-
eters from Ref. [7] for LiFeAs and Ref. [20] for NaFeAs. (b)
The temperature dependence of resistivity for the SC LiFeAs
(solid line) and NSC Li0.94FeAs (dashed line) up to room tem-
perature. The data are normalized by the size and mass of
the single crystals. (c) Expanded view of the temperature
dependence of the resistivity for the SC and NSC Li1−xFeAs.
The SC LiFeAs has a clear transition to superconductivity
at 16 K. (d) Schematic Fermi surfaces of LiFeAs from Ref.
[17]. The red shadow indicates a flat band in the center of
the Γ(0, 0) point. The incommensurability from the ARPES
measurements is defined as δK , the mismatch of the inner hole
Fermi surface and electron Fermi surfaces. (e) The energy de-
pendence of the incommensurability for the incommensurate
spin excitations from the SC LiFeAs (the red squared sym-
bols), NSC Li0.94FeAs (the olive diamond symbols), and the
APRES measurements (the grey dash line). The violet solid
line is the incommensurability value from Ref. [18]. The in-
set shows the locations of the incommensurate peaks near the
in-plane AF wave vector Q = (1, 0) in LiFeAs.
low-temperature resistivity for both samples, which re-
veals a Tc = 16 K for the SC LiFeAs and larger resistiv-
ity for the NSC Li0.94FeAs. For inelastic neutron scat-
tering measurements on ARCS, we co-aligned approxi-
mately 3.95 grams of the SC single crystals of LiFeAs
with a mosaic of 2◦. The NSC Li0.94FeAs was the same
sample used in our previous measurements [27]. They
are mounted inside a He exchange gas filled thin alu-
minum can which was mounted directly to the cold-finger
of a closed cycle He refrigerator for ARCS measurements,
where the wave vector Q at (qx, qy, qz) in A˚
−1 is defined
as (H,K,L) = (qxa/2pi, qyb/2pi, qzc/2pi) reciprocal lat-
tice units (rlu) with a = b = 5.316 A˚, and c = 6.306
FIG. 2: (color online). Two-dimensional constant-energy
images of the spin excitations in the [H,K] plane at the spin
excitation energies indicated (a-d) for the SC LiFeAs and (e-
h) for the NSC Li0.94FeAs at 5 K. The incident beam neutron
energy was chosen to be Ei = 35 meV along the c-axis. The
intensity has been normalized to be in absolute units using a
vanadium standard as discussed earlier [27].
A˚.
In our previous inelastic neutron scattering work on
the NSC Li0.94FeAs with natural Li [27], we have re-
ported the presence of a large spin gap of ∆ = 13 meV
at the AF ordering wave vector Q = (1, 0, 3) using triple-
axis spectroscopy. The gap was found to be temperature
independent between 2 and 190 K [27]. More recently, in-
elastic neutron scattering experiments on the SC LiFeAs
with the 7Li isotope found low-energy (1.5 ≤ E ≤ 13
meV) transverse incommensurate spin excitations that
appear to couple to Tc [18]. In the light of this develop-
ment, we have carried out new measurements on ARCS
with the incident neutron beam direction parallel to the
c-axis and Ei = 35 meV for both the SC LiFeAs and NSC
Li0.94FeAs at 5 K. For the NSC Li0.94FeAs with highly
neutron absorbing 6Li, the scattering geometry at ARCS
is much better than the earlier triple-axis measurements
[27] because neutrons only have to pass the thinest part
of the platelet samples. Figure 2 summarizes the out-
come of these measurements. For the SC LiFeAs, Figures
2a-2d show the two-dimensional constant-energy (E) im-
ages of the scattering in the (H,K) plane for E = 7± 1,
9 ± 1, 11 ± 1, and 15 ± 1 meV, respectively. Consistent
3FIG. 3: (color online). Constant-energy cuts of spin excita-
tions along the [1,K] direction for the SC LiFeAs and NSC
Li0.94FeAs at energy transfers of (a) E = 5±1 meV; (b) 7±1
meV; (c) 11 ± 1 mV; (d) 13 ± 1 meV; (e) 17 ± 1 meV; (f)
19± 1 meV; all with Ei = 35 meV. The solid lines are fits to
two Gaussian peaks. The dashed vertical lines in (c), marked
the center of peaks, indicate the definition of incommensura-
bility of spin excitations as in previous work [18]. The cuts
for the SC and NSC spin excitations spectra were subtracted
by the same fitted NSC background at the identical energy.
The intensity is in absolute units, and error bars indicate one
standard deviation. For presentation, the SC data are offset
vertically by 2 units for all panels.
with previous work [18], we can see clear transverse in-
commensurate peaks centered near the in-plane AF wave
vector Q = (1, 0) at all the probed energies. Figures 2e-
2h plot two-dimensional scattering images for the NSC
Li0.94FeAs at E = 7± 1, 9± 1, 11± 1, and 15± 1 meV,
respectively. These results reveal the presence of low-
energy spin excitations in the NSC Li0.94FeAs, different
from the earlier triple-axis measurement [27]. While spin
excitations are clearly incommensurate at the probed en-
ergies for the SC LiFeAs (Figs. 2a-2d), the incommensu-
rability is less well-defined for the NSC Li0.94FeAs (Figs.
2e-2h).
To quantitatively determine the differences in spin ex-
citations of the SC and NSC Li1−xFeAs, we cut through
the transverse direction of the two-dimensional scatter-
ing images in Fig. 2 for both samples. Figures 3a-3f
show constant-energy cuts along the [1,K] direction for
energies of E = 5± 1, 7± 1, 11± 1, 13± 1, 17± 1, and
19±1 meV, respectively. Inspection of the Figure reveals
that the incommensurabilities of spin excitations for both
the SC and NSC Li1−xFeAs are very similar and nearly
energy independent within the probed excitation energy
range of 5 ≤ E ≤ 19 meV. However, the incommensu-
rate spin excitations in the SC LiFeAs have better defined
FIG. 4: (color online). (a) and (b) ARPES intensity mappings
of the SC and NSC Li1−xFeAs samples recorded with hν = 35
eV photons (Corresponding to the c-axis momentum transfer
kZ = pi) and integrated within ±20 meV with respect to the
Fermi energy EF . The extracted Fermi surface contours from
(a) and (b) are plotted together in (c).
peaks with longer spin-spin correlation lengths compared
with that of the NSC Li0.94FeAs (Fig. 3). Simple Gaus-
sian fits to the data in Fig. 3 are able to extract the
incommensurate peak position, δK , as a function of en-
ergy transfer. This is shown in Fig. 1e, again illustrating
the similar amount of and the lack of change of incom-
mensurability with energy transfer in both compounds.
Based on these data, we see that the low-energy spin ex-
citations in the superconductivity-suppressed Li0.94FeAs
are remarkable similar to those of the SC LiFeAs. There-
fore, Li-deficiency induced suppression of superconduc-
tivity does not fundamentally alter the magnetic proper-
ties of the SC LiFeAs.
If we assume that the Li-deficiencies in Li1−xFeAs re-
move electrons from the FeAs octahedra, the SC LiFeAs
should have a larger electron-doping level than that of
the NSC Li0.94FeAs and therefore should have a larger
electron Fermi surface size. Figures 4a and 4b show the
ARPES intensity mappings of the SC LiFeAs and NSC
Li0.94FeAs, respectively. Figure 4c plots the correspond-
ing hole and electron Fermi pockets near the Γ(0, 0) and
M(1, 0)/(0, 1) points, respectively, for the SC and NSC
samples. To within the errors of our measurements, we
find that the SC LiFeAs and NSC Li0.94FeAs have the
same Fermi surface topology (Fig. 4c). Therefore, a few
percent Li-deficiencies in Li1−xFeAs do not dramatically
change the hole and electron Fermi pocket sizes and al-
ter the Fermi surface nesting conditions. This is consis-
tent with the similar incommensurate spin excitations in
the SC and NSC Li1−xFeAs (Figs. 2 and 3), but con-
4trary to the naive expectation that the Li-deficiencies in
Li1−xFeAs should reduce the sizes of the electron Fermi
surface and enlarge the hole Fermi surface.
In previous work, nonmagnetic Zn impurities were
found to severely suppress superconductivity for
LaFeAsO1−xFx in the electron-overdoped regime but
were much less effective in reducing Tc for the under
and optimally electron doped samples [26]. Similarly,
Zn impurities were found to be effective in suppressing
superconductivity in BaFe2−xCoxAs2 [28]. This behav-
ior is consistent with the s±-wave SC state, where the
nonmagnetic impurity scattering should rapidly decrease
Tc [29]. If we assume that the Li-vacancies in Li1−xFeAs
indeed have a limited impact on the size of the electron
and hole Fermi surfaces, the rapid suppression of super-
conductivity by small amount of Li-deficiencies may indi-
cate that superconductivity in the stoichiometric LiFeAs
is in the electron-overdoped regime [29]. To see why
this may be the case, we consider the lattice structure
of LiFeAs as shown in the inset of Fig. 1a. Comparing
with the AF ordered Na1−δFeAs [20], the FeAs octahe-
dron in LiFeAs is much more compressed with an Fe-As
distance of ∼2.417 A˚ [7] similar to the Fe-As distance of
∼2.42 A˚ in the electron-overdoped NaFe1−xCoxAs with
x = 0.2 [21]. To understand why small Li-deficiencies can
dramatically suppress superconductivity of the stoichio-
metric LiFeAs while the Na-deficiencies in Na1−δFeAs
actually promotes superconductivity [30], we note that
the Na ions in Na1−δFeAs form a buffer layer rather far
removed from the FeAs octahedra whereas the Li ions in
LiFeAs are almost in the As-layer of the FeAs octahedra
[7, 21].
Assuming that the electric conductivity in LiFeAs
arises from the hopping of itinerant electrons between
the Fe atoms through the As bridge, the Li-vacancies in
LiFeAs near the FeAs octahedra can act as impurity cen-
ters which scatter off conduction band electrons. The
correction to Tc by the impurity scattering is a universal
function of the impurity scattering rate Γ. For the s+−-
wave superconductor, it was shown that the SC transition
temperature is completely suppressed if the ratio between
Γ and the Tc value without impurities is approximately
larger than 1 [31]. The value of Γ can be estimated from
the resistivity difference ∆ρi between the Li-deficient and
stoichiometric Li1−xFeAs via ∆ρi = m∗Γ/e2n, where m∗
is the effective mass of quasiparticle and n is the electron
density per unit cell. From Figure 1c, we see that ∆ρi
is about 0.03 mΩ cm. For LiFeAs, the effective mass is
∼5 times the bare electron mass [32]. If there are two
itinerant electrons per Fe, we find that Γ ≈ 2.2Tc, which
is larger than the critical value of Γ that is needed for
completely suppressing Tc. This is consistent with the
picture that the out-of-plane Li-vacancies in LiFeAs play
the same role as the nonmagnetic Zn impurities in the
electron-overdoped LaFe1−yZnyAsO1−xFx [26].
If the stoichiometric LiFeAs is indeed an electron-
overdoped superconductor, there should be no static AF
order in LiFeAs as that in NaFeAs [20]. Instead, the
quasiparticle excitations between the mismatched hole
and electron Fermi surfaces due to the self electron-
doping should produce incommensurate spin fluctuations
along the direction transverse to the AF ordering wave
vector Q = (1, 0) (Figs. 1d and 1e) consistent with
the calculated spin susceptibility χ′′(Q, ω) based on a
random phase approximation of a three-dimensional 5-
orbital tight-binding model for BaFe2As2 [24, 25, 33].
Experimentally, the transverse incommensurate spin fluc-
tuations with δK ≈ 0.1 were found at E = 7 meV for the
electron overdoped BaFe2−xNixAs2 at x = 0.15 [25]. Us-
ing the ARPES measurements (Fig. 4), we plot in Fig.
1d the hole and electron Fermi surfaces of the SC and
NSC Li1−xFeAs. Assuming that the large hole pocket
near Γ(0, 0) is unfavorable for the Fermi surface nest-
ing, we see that the nesting of the small hole pocket
near Γ(0, 0) and the electron pockets near M(1, 0)/(0, 1)
should give incommensurate spin excitations at δK as
shown in Fig. 1e. This nesting condition is consistent
with previous work on LiFeAs [18] and our own mea-
surements. These results are also in agreement with the
Fermi surface nesting interpretation of the low-energy
spin excitations in the electron- [24, 25] and hole-doped
[34, 35] BaFe2As2, and thus suggesting that the stoichio-
metric LiFeAs is an intrinsically electron-overdoped su-
perconductor.
Moreover, recent systematic scanning tunneling mi-
croscopy (STM) measurements on NaFe1−xCoxAs re-
veal that the tunneling spectra dI/dV change from the
symmetric lineshape around Fermi energy for the opti-
mally electron doped sample (x = 0.028) to a strong
asymmetric lineshape in the electron overdoped regime
(x = 0.061) [22]. Since STM measurements on the SC
LiFeAs (see Fig. 1b in Ref. [12]) show strong asymmet-
ric tunneling spectra consistent with that of the electron
overdoped NaFe1−xCoxAs with x = 0.061 [22], it is in-
evitable that the SC and NSC Li1−xFeAs are in the elec-
tron overdoped regime similar to the electron overdoped
NaFe1−xCoxAs (Fig. 1a).
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